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In order to elucidate this question further, a coroner's notification scheme for all bladder tumours occurring within a defined geographical area was started in 1965. Details of all persons dying, on whose death certificate a bladder tumour was mentioned, were notified to the coroner's office within a six-year period . A necropsy was carried out in almost all cases. A subsequent searching enquiry into the lifetime occupational history was conducted and this was then related to two industrial check-lists previously drawn up, on which the occupations listed exhibited either a true cause and effect relationship, or were merely associated in statistical terms. The finding that about 20 % of persons dying of this disease had a suspicious occupational history of exposure to a carcinogen was broadly in agreement with some other recent surveys whose methodology was different. In only one third of these cases, however, could the working environment be directly and realistically implicated.
The study supports the conclusion that the importance of occupational factors in the aetiology of bladder tumours has hitherto been underestimated.
Bladder cancer accounted for 2 131 male and 917 female deaths in England and Wales during 1960. By 1970, deaths from this disease had risen to 2 689 for men and 1 139 for women, a total increase of 780 within the decennium. The crude death rate for bladder cancer per million of the population was 67 in 1960, climbing gradually to 78 in 1970; the rise was steeper for men (96) (97) (98) (99) (100) (101) (102) (103) (104) (105) (106) (107) (108) (109) (110) (111) (112) (113) than for women (39) (40) (41) (42) (43) (44) (45) during the same period. In 1971 there were 2 763 male deaths attributed to bladder cancer, but only 1 107 for women-less than the previous year in fact. The current mortality ratio male: female is thus 2-4:1. The tumour is placed seventh in order of numerical magnitude for male deaths due to malignant disease, whereas the corresponding position in female cancer deaths is eleventh.
A comparative study of cancer registration rates for England and Wales (International Union Against Cancer, 1970) also reflects the small but definite rise in the incidence of bladder cancer during this last decade. The increase in morbidity appears to be confined specifically to age groups over 55 years.
It is difficult to accord a satisfactory and full explanation for the rise. Certainly mortality from this form of cancer is generally slightly higher in urban than in rural areas, presumably because the town dweller is more exposed to potentially dangerous carcinogenic compounds, and because there have been specific risks in certain occupations. Compounds of the aromatic amine class which are labelled as urinary carcinogens are-benzidine, alpha-and beta-naphthylamine, 4-aminodiphenyl, and 4-nitrodiphenyl, together with some of their derivatives and salts. Other aromatic amine chromogens which may be used on the laboratory bench are suspected human bladder carcinogens, e.g., o-tolidine, and o-dianisidine.
A recent regional study of the incidence of cancer of the bladder shows that the disease is more prevalent in the south-east of England than elsewhere in both sexes (Office of Population Censuses and Surveys, 1972) . Although an occupational exposure to the known aromatic amine carcinogens has been implicated as an important aetiological factor, it cannot be the only one, because the observed area pattern of incidence is much the same for both sexes. The study also revealed that the distribution pattern of bladder cancer somewhat resembled that for lung cancer. However, since the definition of malignancy in bladder tumours is often unprecise, it was concluded that some of the area differences in the prevalence of bladder cancer may in fact be due primarily to this variation in diagnostic criteria.
How much bladder cancer is occupationally induced? It has been generally held that only about 1 % of all bladder cancer in industrialized societies had an occupational aetiology. This is probably an underestimate, and it has never been substantiated by published data. However, more recent surveys on patients who were interviewed in depth about their working history suggest that perhaps nearer 20 % of bladder cancer in industrial communities may be linked with occupational factors, and that some occupations which were not previously suspected may also be subject to this hazard (Anthony and Thomas, 1970; Cole et al., 1971 ). It is not yet possible to determine whether these newly suspect industries have used any of the recognized aromatic amine human bladder carcinogens or whether other quite different agents are involved. There is a need, therefore, for further investigations to establish more precisely the extent of the occupational factors, if any, which might be implicated.
Reviews of those occupational groups which are likely to be implicated in a cause and effect relationship with bladder cancer have been made by Case (1966) and recently by Clayson and Cooper (1970, 1972) .
The 'Lucy' Inquest (Lancet, 1965a) on a former cable-worker dying of bladder cancer of occupational origin aroused public and parliamentary concern in England. After another similar inquest in Bath in September 1965 (Lancet, 1965b) much discussion ensued about the provision of adequate screening facilities for early diagnosis in previously exposed workmen, as well as on the need to set up detailed epidemiological studies to look further into the whole problem.
Two coroners (Hails, 1965; Thurston, 1965 ) on their own initiative offered to help in the research. A doctor certifying death is required to report the death to the coroner in certain defined circumstances.
One of these is when there are grounds for supposing that death might have been directly due to, or in part contributed by, any employment followed by the deceased during his lifetime. It is only a further small step to elect to make certain diseases locally notifiable on a voluntary basis in order to permit the relevant enquiry; this has always been an established principle of good preventive medicine and public health.
In North Staffordshire, the small but continuing rise in the prevalence of bladder tumours has been recorded and studied. The figure, for example, shows the situation as it has occurred there quinquennially since 1945. The data depicted are derived from a very detailed analysis of all death certificates relating to the area, from hospital records, and from the returns to a local cancer registration scheme which has been operating since that time.
The details of 1 310 cases of bladder tumour thus derived from the mortality and morbidity records were recorded onto cards and assessed numerically (Figure) .
These data were also used to construct quinquennial age-specific incidence rates for bladder tumours for the county borough of Stoke-on-Trent situated within North Staffordshire. A study of the rates shows that the rise is indeed a real one over time; that it is predominant in age groups over 55 years; and that it is unlikely to be due to better diagnostic criteria Material and method A voluntary area notification scheme for all bladder tumours was started in 1965 and has continued in operation since that time. It includes all tumours that were mentioned on death certificates and registered within the county borough of Stoke-on-Trent which has a population of approximately 265 000.
Within the six-year period , every death certificate for county borough residents, on which a bladder tumour was recorded, was notified to the City Coroner's Office. The county borough boundary line was strictly adhered to for residency qualification. In almost every case a necropsy was carried out to confirm the diagnosis. Histological material was taken for examination in all cases in which the occupational history was thought to be relevant, and for most of the others. For each decedent a full and detailed occupational history was taken by the coroner's officer from the nearest relative, and this was supplemented by other records, either from industry or from any other source made available to the coroner subsequent to his further enquiry.
All general practitioners, hospital clinicians, and pathologists had agreed to co-operate. Finally, a check was made against the death certificate returns made to the local Registrar, in order to ensure that no cases had inadvertently been missed.
The occupational histories were then related to two industrial checklists (A and B), which had previously been drawn up. Checklist A (Table 1) lists eight occupational groups in which an excess tumour association can be linked with causative factors in certain circumstances of employment. Checklist B ( Table 2 ) is composed of a further six groups in which a statistical association only has so far been postulated. Three additional groups in checklist B, namely coalmining, electrical workers, cooks, and kitchen workers, exhibit only a rather tenuous association, and they have therefore not been used in this study in the compilation of the results; they are listed for the sake of completeness.
Any one piece of statistical evidence implying association may be discounted on the grounds that statistical coincidence alone does not necessarily imply a causative relationship. This is a reasonable argument, but it must begin to lose some of its validity as more and more coincidences are uncovered, and as a biologically plausible explanation evolves. The six occupational groups in (Adelstein, 1972 : Anthony and Thomas, 1970 : Case, 1966 Case et al., 1954; Goldblatt, 1949; HM Chief Inspector of Factories, 1965; Melick et al., 1955; Wynder, Onderdonk, and Mantel, 1963; Scott, 1952) . Pigment and paint manufacture (Case and Pearson, 1954; HM Chief Inspector of Factories, 1965; Ministry of Labour, 1966) . Rubber and cable-making (Adelstein, 1972; Case, 1966; Case and Hosker, 1954; Davies, 1965; Guira, 1971 ; HM Chief Inspector of Factories, 1965; Lockwood, 1961; Veys, 1969) .
Textile-dyeing and printing (Anthony and Thomas, 1970; Case, 1966; HM Chief Inspector of Factories, 1965; Lockwood, 1961; Wynder et al., 1963) . Gas industry (Adelstein, 1972; Battye, 1966; Bruusgard, 1959; Case, 1966; Doll et al., 1965 and 1972; Henry et al., 1931; HM Chief Inspector of Factories, 1965) . Laboratory workers (Anthony and Thomas, 1970; Case, 1966; Chester Beatty Research Institute, 1966 ; HM Chief Inspector of Factories, 1965). Rodent controllers (Case, 1966; HM Chief Inspector of Factories, 1965) . Patent fuel, tar, and pitch workers (Battye, 1966; Case, 1966; Henry et al., 1931) . (Henry et al., 1931; Lockwood, 1961; Wynder et al., 1963; Cole et al., 1972) .
Stokers (especially furnacemen) (Adelstein, 1972; HM Chief Inspector of Factories, 1965; Wynder et al., 1963) . Hairdressers (Anthony and Thomas, 1970; Dunham et al., 1968; Wynder et al., 1963) . Tailoring (Anthony and Thomas, 1970; Lockwood, 1961; Wynder et al., 1963) . Printing (Henry et al., 1931; HM Chief Inspector of Factories, 1965; Ministry of Labour, 1966) . Engineering (with metals) (Anthony and Thomas, 1970; Dunham et al., 1968; Wynder et al., 1963) . Coalmining (Staszewski, 1966; Wynder et al., 1963) . Electrical workers (Anthony and Thomas, 1970) . Cooks and kitchen workers (Cole et al., 1972) .
checklist B, therefore, still only accord with the former discountable category, whereas those in checklist A have satisfied at least some of the criteria which more strongly favour an association/causation relationship (Bradford Hill, 1966) . Both checklists A and B were drawn up from the available published literature, the relevant references being given under their appropriate occupational groups.
Results
Male notifications A total of 144 death certificates mentioned a bladder tumour and were notified under the scheme during the six-year period . Some 39 names relating to men who were resident outside the administrative boundary line of the county borough were discounted, leaving 105 cases for subsequent analysis. Thirty-six (34%) of these had worked in occupations identifiable in both checklists, i.e., 19 (18%) with checklist A and 17 (16%) with checklist B (Table 3 ). The remainder (69 cases) showed no relevant occupational history.
During the same six-year period, one might have expected 89 cases to have been notified had national certification rates, suitably adjusted for age and for the urban factor, been operating. National certification rates for bladder tumours (Chester Beatty Research Institute, 1968) record the number of death certificates on which a benign or malignant tumour is mentioned as the cause of death on the certificate under the heading I or II, i.e., whether death is Female notifications A total of 38 cases of bladder tumour in females recorded on death certificates were notified within the six-year period of the scheme. However, 13 women lived outside the administrative boundaries of the county borough, so these were not relevant to the subsequent analysis. Of the 25 cases relevant, 3 (12%) had worked in environments for which an occupational factor might have been implicated, according to checklist A only (Table 3 ). The remainder (22 women) showed no suspicious occupational history whatsoever in the whole of their working or domestic life.
During the same period of time one might have expected 39 cases to have been notified had national certification rates, suitably adjusted for age and for the urban factor, been operating. Within 95 % confidence limits, as few as 18 or as many as 40 notifications could have been made without these totals being considered as outside normal limits. The number of cases actually notified (25), therefore, is less than expected (29) but not significantly so statistically.
Discussion
It should not be inferred from these results that as many as 18 % of the deaths due to, or associated with, bladder tumour can be directly linked to an occupational aetiology (Table 3) . The results do suggest, however, that perhaps one in five of persons dying from this disease may possibly have a related occupational history. Their work history at least would have merited some further enquiry.
For such enquiry it is important to probe into the life-long occupational history. Some of the individuals listed under one main occupation in this study had also worked in other jobs which were relevant. For example, among the 11 rubber workers recorded under checklist A in Table 3 , three had also been stokers; two had been metal workers; and there had also been one hairdresser and one cableworker among them. The rodent control operator had also been a tar worker. Among the six stokers (checklist B, Table 3 ) one had been a chemical worker and two had been life-long blacksmiths.
These are inherent difficulties in indicting without reservation even those occupations known to have a strong association with bladder cancer. For example, in the area in which this study was conducted an appreciable number of rubber and cable workers reside. There is also widespread coal mining, and in particular a very large concentration of the pottery industry. Inevitably, therefore, chance alone will dictate many of these as common employments, for a large proportion of the population will have worked in one or all of these major representative industries within the district. Ascription of tumours to occupations, therefore, requires a most careful and critical evaluation.
It was possible, however, because of the nature of the coroner's enquiry before and at the inquest, to probe in great detail into those occupational factors thought to be relevant. For examnple, in only two of the 11 rubber workers listed in Table 3 There are few studies in the recorded literature which attempt to define the significance of occupational factors in women. However, taking due account of the usual sex ratio operating in this disease, as well as of the obvious fact that much fewer women have worked in the related occupations, it is apparent that the prevalence of both the occupational and the so-called 'naturally occurring tumours' is much reduced. Special factors may be operating which inherently protect the female.
Some recent morbidity surveys (Anthony and Thomas, 1970; Cole, Hoover, and Friedell, 1972) Samples of the creosote oil and naphtha salt were unexpectedly available for analysis. The former was found to contain about 25 ppm of beta naphthylamine and about 6 ppm of the alpha isomer. Only about 2 ppm of beta naphthylamine was detected in the naphtha salt. In both samples a number of unidentified heterocyclic amines were also detected. These are small quantities of known aromatic amine carcinogens, but the prolonged and close contact that the firelighter-maker would have had with fumes emanating from the boiling mixture on the work bench, as he continuously leant over it, would ensure a high personal exposure.
The exposure was likely to have been greater than that which apparently more than doubles the expected mortality rate from bladder cancer in gas workers, even though the atmospheric quantities measured in the retort house were probably underestimated (Battye, 1966; Doll et al., 1972) . A uroepithelial carcinoma is rare in the population of the region (1 case per 200 000) in the relevant age group. This was the second such case to have come to light under the scheme; the other occurred in a woman who ran her own firelighter business for 25 years. Although both 1-and 2-naphthylamine are detectable in the chemicals being handled, they are not necessarily the only ones present in fumes from coal tar derivatives that are capable of causing cancer of the bladder.
Differences between surveys must reflect the fact that some industries are not represented in all the localities investigated. Because the area in which this coroner's notification scheme was conducted is not apparently exceptional, as far as its expected mortality from bladder cancer is concerned, one might reasonably conclude that the situation is representative of that in many other urban areas. If this is indeed the case, it would appear that the part occupational factors play in the aetiology of this disease may hitherto have been somewhat underestimated.
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